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ABSTRACT 
 
A complete series of cross-sectional computed tomography (CT) scans were obtained 
of a mummy of an Egyptian priestess, Tjenmutengebtiu, (Jeni), who lived in the 
twenty-second Dynasty (c. 945-715 BC). The purpose of this joint British Museum and 
St. Thomas’ Hospital project was effectively to ‘unwrap’ a mummy using cross-
sectional X-rays. Jeni is encased in a beautifully decorated anthropomorphic 
cartonnage coffin. The head and neck were scanned with 2mm slices, the teeth with 
1mm slices and the rest of the body with 4 mm slices, a 512 x 512 matrix was used. 
The 2D CT images, and 3D surface reconstruction’s, demonstrate many features of 
the embalming techniques and funerary customs of the XXII Dynasty.  The presence of 
cloth protruding from the nasal cavities into the otherwise empty cranial cavity 
indicates that the brain was extracted via the nose.  The remains of the heart can be 
seen as well as four organ packs corresponding to the mummified and repackaged 
lungs, intestines, stomach and liver. Each of the organ packs encloses a wax figurine 
representing one of the four sons of Horus.  The teeth are in very good condition with 
little signs of wear, which, considering the gritty diet of the Egyptians, indicates that 
Jeni must have been very young when she died. A young age of death is also 
suggested by analysis of the shape of the molar teeth. The body is generally in very 
good condition demonstrating the consummate skill of the twenty-second Dynasty 
embalmers. 
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INTRODUCTION 
 
One way to find out what lies inside the wrappings of a mummy inside a coffin is to 
break open the coffin, unwrap the mummy and have a look; however this is obviously 
destructive.  A few groups around the world have carried out autopsies on mummies, 
most notably at Manchester University in the UK (David et al, 1979,1992) and 
Pennsylvania University (Cockburn et al, 1975). The purpose of the present project 
was to make use of computed tomography (CT) to ‘unwrap’ a mummy using cross-
sectional X-rays. 
 
Medical X-ray computed tomography (CT) scanners became available in the early 
1970s. (The first CT scan was carried out at the Atkinson Morley Hospital, London in 
1971). CT scanners measure the relative transmission of an X-ray beam through an 
object in different directions and combine this information to construct a cross-
sectional image. CT scanning has obvious advantages over conventional plane X-rays 
in which all structures lying within the path of the beam appear superimposed on the 
film. Another advantage of CT scanning is that the information can be combined to 
produce a three-dimensional image of an object. However, it should be born in mind 
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that conventional X-rays can produce much clearer pictures of fine features such as 
fractures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Tjentmutengebtiu (Jeni) on the scanner. 
 
 
Various groups around the world have made use of CT scanners to analyse mummies 
without disturbing the body, (Harwood-Nash, 1979; Vaheyand Brown, 1984; Marx 
and D’Auria, 1988; Pickering et al, 1990).  More recently, CT has been used to 
produce facial reconstructions (Hill et al, 1993; Nedden et al, 1994). Notman et al 
(1986) attempted a magnetic resonance (MR) scan of an Egyptian mummy but were 
unable to acquire enough signal to produce an image. (MR imaging is dependant on 
some water being present in the object). CT scanning effectively enables an 
‘electronic’ autopsy to be carried out.  CT autopsies have various advantages over 
conventional autopsies, for example, the undisturbed arrangement of structures within 
the mummy is seen.  CT is also able to provide information on the internal structure 
of bones, organ packs, amulets etc., which could not otherwise be acquired without 
cutting through objects. 
 
The mummy examined in this joint project between the British Museum and St. 
Thomas’ Hospital (STH), was of an Egyptian priestess called Tjentmutengebtiu (or 
‘Jeni’), who officiated in the great temple of Karnak at Thebes during the twenty-
second Dynasty (945-715 BC). Originally Jeni was assumed to have lived during the 
XXI Dynasty (1085-945 BC), however Jeni’s coffin is of a type typical of the XXII 
Dynasty (945-715 BC). A coffin of similar design is held by a museum in Berlin, 
which bears the name of Osorkon I, the second king of the XXII Dynasty (c. 900 BC). 
Jeni’s body is completely enclosed in a beautifully decorated cartonnage (linen and 
plaster) anthropoid coffin.  This particular mummy was chosen as the art of 
embalming is assumed to have peaked during the XXI Dynasty. 
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Jeni was originally X-rayed in the 1960’s by Dawson and Gray.  Some of the original 
report is reproduced at the end of the report for reference with our findings1.  
 
MATERIALS AND METHODS 
 
Jeni was brought over to STH on five occasions and scanned on a Siemens Somaton 
DRH scanner (Siemens AG, Erlangen, Germany; Figure 1). The thickness of the 
slices varied between one and four mm and were acquired contiguously (Table 1). 
The pixel size was varied according to the size of the section being scanned. 
 
 
session region cut (mm) pixel size 
(mm) 
FOV (cm) no. scans length (cm)
1 head - neck 2 0.625 32.0 135 27 
2 neck  
-incision 
plate 
4 0.77 39.4 104 41.6 
3 incision 
plate 
-knees 
4 0.71 39.4 134 53.6 
4 knees - feet 4 0.625 39.4 140 56.0 
5 teeth 1 0.27 13.8 91 9.1 
 
Table 1.  Sumary of scanning sessions. (FOV = Field of View, i.e. height and width of 
the image). 
 
Images were transferred from the CT scanner to a multi-processor Titan graphics-
supercomputer (Kubota Pacific Inc, Santa Clara, CA, USA) via half inch magnetic 
tape. Software originally developed at STH for producing 3D CT reconstructions for 
planning neurosurgical and orthopaedic operations was used to generate surface 
reconstructions. Each image comprises a 512×512 array of pixels and each pixel is 
stored as a number ranging from 0 to 4095 (12-bit resolution), therefore each image is 
512 Kbytes in size.  In total, about 600 images were acquired, accounting for about 
300 Mbytes of data.  In this paper, the 0-4095 pixel range has been converted to 
conventional CT (Hounsfield) numbers. By convention, air is defined as -1000, and 
water, zero.  Bone is generally around +1000, and metal at the maximum level +3095. 
 
An attempt was made to measure Jeni’s bone mineral density by placing a test object 
containing a 200 mg/ml solution of calcium hydroxyapitite (bone mineral) underneath 
the lumbar region of the spine.  Regions of interest were outlined in the outer cortical 
bone and inner cancellous bone of first, second and third lumbar vertebrae (L1-L3). 
 
In addition a selection of test amulets were CT scanned for comparison with Jeni’s 
amulets. A piece of c. AD400 Romano-British mandibular bone with three teeth still 
in place was scanned in order to select appropriate CT numbers for surface rendering 
the molar teeth and a block of wax scanned for comparison with the wax figures in the 
organ packs. 
 
 
 
 3
RESULTS 
 
The X-rays were able to penetrate through the outer casing and wrappings fairly 
easily.  This is perhaps to be expected as the anthropoid coffin is constructed of 
cartonnage, a mixture of linen and plaster which is of fairly low density - probably 
midway between soft tissue and bone. Also, virtually all of the water would have been 
removed from Jeni’s body by the embalming process. The normal water content of the 
body in life is about 75% by weight. To dry out the body, the Egyptian embalmers 
completely covered the body for 40 days in dry natron, a naturally occurring mixture 
of sodium carbonate, sodium bicarbonate, sodium sulphate and sodium chloride 
(ordinary table salt). Natron was obtained from a place called Wadi Natron about 60 
km or so to the north west of Cairo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Full length AP (left) and LAT (right) topograms of Jeni. 
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From the scout films (Figure 2) and the CT scans an attempt was made to measure 
Jeni’s vital statistics, these are shown in Table 2. 
 
statistic cm in 
height 155 61 
bust 69 27 
waist 66 26 
hip 80 32 
 
 
Table 2.  Jeni’s vital statistics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Surface rendered views of Jeni’s head using a CT threshold of zero (Figure 
3a) and 400 (Figure 3b). Note that the mouth is slightly open due to linen placed 
inside. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. AP views of the skull with the jaw rotated ‘electronically’ into the closed 
position. 
 5
The CT sections through the head were combined to produce a surface rendering of 
her head (Figure 3a) using a CT threshold of zero. A surface rendering of the skull 
bone (Figure 3b) was produced using a CT threshold of 400. Notice that Jeni’s mouth 
is slightly open due to linen placed in her mouth, and the presence of artificial eyes. 
The jaw (mandible) was rotated into the closed position using the computer, and the 
two-component artificial eyes artificially coloured (Figures 4). All of the amulets had 
some metal content; the location and dimensions of the amulets are summarised in 
Table 3.  
 
 
amulet position height width thickness 
winged goddess neck 7 7 0.6 
plate L axilla 3 2 0.5 
hawk sternum 7 14 0.3 
figure mid abdominal 1 4 0.5 
incision plate L abdomen 5 5 0.6 
figure umbilicus 1 3 0.6 
winged figure vagina 3 9 0.4 
scarab feet 2 13 1.0 
 
Table 3. Size (cm) and position of amulets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. View looking down into the cranium showing linen converging onto the 
nose. Note the ears on either side of the skull. 
 
During the embalming process the eyes would collapse as the fluid (vitreous humour) 
was extracted.  The Egyptians endeavoured to make the deceased look as lifelike as 
possible, and to this end artificial eyes were inserted into the orbits. The CT numbers 
of the eyes (Table 4) were compared with those of the test amulets Table 5). Note that 
the back sections of both eyes have very similar CT numbers and correspond very 
closely to the glass/glazed composition beads.  However, the front sections at first 
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sight appear to be dissimilar with widely differing mean and standard deviations (SD) 
of the CT numbers.  The most likely explanation is that the front eyes are of dual 
composition. The bottom part of Table 4 shows that the CT numbers for the two 
sections are much closer together.  The denser component corresponds most closely to 
the eye of Horus (Table 5), and the less dense section to the false eye, therefore, it can 
be concluded that the eyes are probably made of glass and glazed compositions. 
 
 
object position mean SD
left eye front 2460 95 
right eye front 1892 317 
left eye back 523 37 
right eye back 525 37 
left eye front - component 1 2346 135 
right eye “ 2422 54 
left eye front - component 2 1777 120 
right eye “ 1700 56 
 
Table 4. Mean  and standard deviation (SD) of the CT numbers for the components of 
the artificial eye. 
 
 
object composition mean SD
girdle of Isis jasper 1562 210 
heart carnelian 1456 58 
false eye glass  1695 122 
head rest haematite 3095   - 
two fingers obsidian 1164 80 
heart scarab serpentine 2596 122 
bead glass/glazed 501 27 
“ “ 549 30 
“ “ 181 71 
eye of Horus glazed 2251 129 
papyrus glazed 791 17 
djet pillar glazed 960 25 
 
Table 5.  The mean and standard deviation (SD) of CT numbers for a collection of 
representative amulets. 
 
 
When the range of CT numbers displayed on the computer monitor are adjusted to 
show material of low CT number, wisps of material can be seen inside the cranium. A 
surface rendering of this material (Figure 5) shows that the material converges onto 
the nostrils, confirming that the brain was removed through the nose. This was done 
routinely from the eighteenth Dynasty (c. 1570 BC) onwards  in order to prevent rapid 
putrefaction of the head.  A spike was inserted through the ethmoid into the cranium 
and the brain extracted using a long hooked needle.  After removal of the brain, linen 
was pushed up into the cranium, perhaps to mop up any residual fluid. 
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Figure 6. AP tomogram of the teeth showing the position of the 1 mm cuts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Rendered view of teeth show that they were in good condition suggesting a 
young age (left). The upper left molars show differential wear  
(top, right) and the apex of the third molar shows the tooth is still forming (bottom, 
right). 
 
It is immediately apparent that the teeth are in very good condition with hardly any 
wear (Figures 6 and 7). The Egyptians had a gritty diet resulting in severe attrition by 
middle age.  The state of Jeni’s teeth alone suggests a young age at the time of death. 
The high resolution scans of Jeni’s teeth were used to produce surface renderings of 
the upper left molars (Figure7b).  Various CT thresholds of 1550, 1600, 1700 and 
1800 were used on the basis of the scan data obtained from the AD400 Romano-
British alveolar bone (Table 6). The occlusal (biting) surfaces show differential wear: 
the first molar is clearly more worn than the second, which in turn is more worn than 
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the third.  In addition, the third molar (wisdom tooth) appears as if it has only just 
erupted.  The first, second and third molars erupt at around 6, 12 and 18 years 
respectively.  This evidence suggests that Jeni was older than 18 but less than middle 
aged when she died.  The apex of the third molar in Figure 7c seems to be wider at the 
end which suggests that the molar is still forming.  Formation of the molars usually 
occurs between 19 and 23 years during which time the apex gradually pinches off, 
thus Jeni was probably only 19-23 years old when she died.  
 
object mean SD
enamel 2281 247 
dentine 1527 154 
bone 1214 72 
 
Table 6. CT numbers of 400 AD Romano-British bone sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Transparent surface rendering of the four organ packs each enclosing a 
small wax figure representing one of the four sons of Horus. 
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Four organ packs are visible which from historical sources are known to contain the 
lungs, liver, stomach and intestines.  These four organs were extracted through an 
incision made in the left flank, separately embalmed, wrapped and placed back inside 
the body. The incision flaps were drawn together and held in place either by stitches 
or wax, and covered by a metal, wax or guilded wooden plate.  In Jeni’s case the CT 
section through the plate (Figure 9a) indicates that it is made of metal.  The organs 
were put back into the thorax (Figure 9b) rather than the abdomen, and the abdomen 
packed with natural fibre. Each organ pack encloses a small figure representing one of 
the four sons of the god Horus (Figure 8).  Table 7 shows that the material that the 
figures are made of is slightly less dense than water (1000) whereas the wax test 
object is slightly denser than water. However, the similarity of the standard deviations 
of the CT numbers suggests that the figures are made of wax. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. CT section through the embalming plate (Figure 9a), organ packs (Figure 
9b), an object which is presumably the heart (Figure 9c) and hips (Figure 9d). 
 
object mean SD
figure 1 -63 13 
2 -53 10 
3 -55 20 
4 -46 11 
wax bar 56 11 
 
Table 7. CT numbers of Horus figurines and wax test object. 
 
 
The heart and kidneys were generally left in place by the embalmers, and an object 
has been identified in the thorax which could be the remains of the heart (Figure 9c).  
In life, the heart would be above the spine, but in this case it has fallen down on the 
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right hand side of the spine. (note that on CT images left and right are swapped 
round). On some of the images the remains of the ascending and descending aorta are 
visible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. CT section through legs (femurs). The small hole below the femur on the 
left is probably an artery. Some of the fingers are seen between and slightly above, the 
legs. 
 
There may be a slight disc herniation between L3 and L4 a feature known as a 
Schmrold’s node. There is no sign of arthritis of the hip joint (Figure 9d), also 
consistent with a young age at the time of death. Small diameter holes (Figure 10) 
may well be arteries, still open after nearly 3,000 years.  Veins will not be visible as 
these collapse in the absence of blood flow.  The feet are very well preserved (Figure 
11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. CT section through feet. 
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Bone mineral density (BMD) is sometimes measured to assess the degree of 
osteoporosis, especially in post-menopausal women.  The vertebral bodies of the 
spine consist of two types of bone - a hard outer shell of compact cortical bone and an 
inner spongy matrix of cancellous bone.  In general, bone becomes progressively 
demineralised with age.  The cortical and cancellous regions on L1-L3 were outlined 
and the mean CT numbers calculated (Table 8). 
 
 
object mean SD BMD 
L1 (cancellous) -716 59 173 
L2 -742 74 168 
L3 -678 65 179 
L1 (cortical) 585 95 253 
L2 659 133 264 
L3 435 121 229 
L1 (Ca X) 252 252 200 
L2 256 256 200 
L3 252 252 200 
 
Table 8. Bone mineral density (BMD) measurements for lumbar vertebrae 1 - 3. The 
units of BMD are mg of calcium hydroxyapitite (Ca X) per ml of water.  
 
The BMD was calculated by dividing the CT number of the solution of calcium 
hydroxyapitite by the CT number of the bone and then multiplying by 200 to obtain 
the concentration in mg/ml. The BMD of the cortical bone is not very different from 
the value expected for a live person.  This is not so surprising when we realise that in 
life cortical bone contains little water and therefore would undergo little change 
during the embalming process.  However, in contrast, cancellous bone is composed of 
about 79.8% water plus low atomic number organic compounds, and 20.2% bone 
mineral. The cancellous bone would have completely dried out over the last 2,800 
years, which accounts for the low CT numbers (Table 5).  The bone mineral is 
probably responsible for nearly all of the density of the cancellous bone,  assuming 
the CT numbers can be adjusted to take into account the missing water.  If Jeni’s 
cancellous bone was completely hollow, i.e. full of air, a CT number of -1000 would 
be obtained.  If it was filled with water a CT number of zero would be obtained.  A 
water content of 80% would produce a CT number of -200 (800 greater than air).  
Therefore the CT numbers can be corrected by adding 800 to the ‘dry’ `results. It is 
interesting to insert the mean corrected cancellous CT number (173 mg/ml) into the 
equation relating cancellous BMD of post menopausal women with age. 
 
)45.0(179 AgeBMD ×−=  
 
This can be rearranged to give: 
 
Age BMD= −179
0 45.
 
 
which gives an age of about 13 years for Jeni which, within the margin of error, is in 
fairly good agreement with the age suggested by the teeth (19-23). 
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DISCUSSION 
 
This study has shown that CT scanning is useful in the non-destructive analysis of a 
completely enclosed mummy.  CT scanning in many ways complements conventional 
plain X-rays and xeroradiography. With reference to the original report, the fractured 
ribs and lines of arrested growth cannot be seen on the CT scans, although the ramic 
fracture may just be visible. This illustrates the limitations of CT over plain X-rays, 
although, it may be that these fractures could be seen with 2 or 1mm CT cuts.  The 
missing tooth cannot be seen.  We have been able to confirm that all of the amulets 
are made of metal, or at least have a metal core and that they all lie on the skin. On the 
CT scans, there appears to be only one amulet over the genitalia rather than the two 
mentioned in the original report, however this is due to the partial volume effect 
which tends to merge the edges of objects which are close together.  This study has 
shown that Jeni was probably only 19-23 when she died, i.e. at the bottom end of the 
range given by Gray. The generally excellent condition of Jeni testifies to the skill of 
the embalmers 900 years before Christ. 
 
Stephen W. Hughes. Medical Phsyics Directorate, Guy’s and St. Thomas’ Hospital 
Trust, Lambeth Palace Road, London SE1 7EH. 
 
NOTES 
 
1. Report of Dawson, W.R and Gray, P.H.K., 1968. 
Priestess, aged 25-40, in cartonnage casing, named Tjentmutengebtiu, daughter of Khonsmes and 
Mehenmut(em)hat. Date: twenty-first dynasty. Provenance: unrecorded. Length: 5’6 /1.69 m. Date 
of acquisition: 1891. 
Skull. Mouth slightly open, all teeth apparently present. Artificial eyes inserted into the orbits. No 
obvious fractures. Cervical spine appears intact. Under the chin, in front of the neck, there is an 
amulet in the form of a bird with a human head surmounted by a winged disc. 
Thorax and Abdomen.  Filled with bundles of linen and packing material, and the usual four 
parcels of viscera.  Over the sternum there is a pectoral perhaps of metal in the form of a falcon 
with outstretched wings.  In the left axilla is an oval plate, probably engraved with the bnw-bird.  
A small heart-scarab lies beneath the pectoral; over the flank-incision is a rectangular plate of 
metal or gilded wood.  In  the right axilla is a bead or possibly a germinating seed.  Over the 
umbilicus is a rectangular strip, possibly metallic, but is of different density from the neck 
ornament, pectoral, and flank plate.  The lateral view shows that the amulets, scarab, and pectoral 
lie either on the skin surface or on the very innermost bandages.  Two overlapping amulets of 
uncertain form, somewhat uterine, lie on the perineum.  There is evidence of subcutaneous 
packing.  The 6th, 7th, and 8th right ribs have been fractured in their posterior third, and an incisor 
tooth lies opposite the body of the 4th dorsal vertebra; there is also a fracture of the right superior 
ramus of the pubis. 
Arms. Extended. Hands with extended fingers over the pubic area. 
Legs. Across the dorsum of both feet lies, head downwards, a pectoral, perhaps of metal, in the 
form of a winged scarabaeus holding the sun’s disc between its front legs and a smaller disc 
between its hind legs. Apart from lines of arrested growth at the lower ends of the tibiae, the bones 
and joints of the legs appear normal. 
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